The PDF file includes: Section S1. Re 2 electronic structure and choice of functional Fig. S1 . Infrared spectra of Re 2 precursor before and after removal of CO ligands. Fig. S2 . Analysis of a typical migration process repeatedly observed in our TEM experiment. (available at advances.sciencemag.org/cgi/content/full/6/3/eaay5849/DC1) Movie S1 (.mp4 format). Dynamics of two Re 2 molecules confined in SWNT stimulated and imaged by electron beam in Titan TEM at 80 kV. Movie S2 (.mp4 format). Dynamics of one Re 2 molecule stimulated and imaged by electron beam in SALVE TEM at 80 kV. Section S1. Re 2 electronic structure and choice of functional The presence of strong interactions between the Re 6s-orbitals has the effect of raising the energy of the associated antibonding σ orbital to the region of the -orbitals (12). This regime of "strong s-orbital overlap" gives rise to an electronic ground state containing a singly occupied antibonding σ orbital, which provides the open s-shell configuration that is generally required for favourable chemical bond formation in transition metal diatoms. (For the atomic ground states of the Group 7 elements, the nd orbitals are typically unable to interact and form bonds due to strong repulsion between the (n+1)s shells -excitation from these (n+1) The choice of exchange-correlation functional is especially important when modelling rhenium dimers and related species with density functional theory (DFT), as the multiplicity of the rhenium dimer ground electronic state is very sensitive to the choice of functional. The minimum energy of the triplet ground state lies especially close to the singlet state, within the accuracy of previously performed CASSCF/CASPT2 calculations (28) which required the inclusion of spinorbit coupling to obtain results that agreed qualitatively with experimental studies. While local functionals quantitatively outperform hybrid functionals for modelling bonding between transition metals in general, (29) hybrid functionals fail to describe the electronic structure of the rhenium dimer even qualitatively (in many cases predicting a false quintet ground state) (30, 31) . For a recent example see reference (32), which used B3LYP/LANL2DZ to investigate Re n (n = 2-16); use of the B3LYP functional resulted in the geometric analysis being performed on an incorrect ground state for the Re dimer.
Two local GGA functionals (PBE (33) and BLYP (34, 35) ) and one local meta-GGA functional (M06-L (36)) have been used to model the electronic structure of a single Re 2 dimer in the gas phase, chosen for their general accuracy in modelling structural and vibrational properties of transition metal complexes, as measured against experimental data and benchmark test suites (29, 36) . Each exchange-correlation functional was paired with four effective core potentials (ECPs) and associated valence-electron basis sets: LANL2DZ (37), SRSC (38), def2-SVP and def-TZVP (39), all of which replace the [Kr]+4d+4f core orbitals. The energies of the lowest singlet, triplet, and quintet configuration of the Re dimer for each level of theory were compared to ensure that the correct triplet ground state was reproduced in each case. The ground state of the isolated rhenium atom is the high-spin sextet configuration, which was accurately reproduced for each of the three functionals. All calculations were performed using unrestricted DFT.
The M06-L functional greatly underestimates the bonding strength of the dimer, while also showing a very high sensitivity to the choice of ECP. Of the two GGA functional, BLYP most closely reproduces the experimentally measured bond lengths and frequencies, and SRSC is the best performing ECP. BLYP/SRSC correspondingly exhibits the best match to experiment, and was chosen as the combination of functional and ECP for subsequent calculations. the Re 2 interacts with two carbon atoms in three different ways. These configurations were used as initial states in the DFT geometry optimizations (both inside and outside the tube) in addition to three standing states centered over a hexagon, a carbon-carbon bond, and a carbon atom. Several non-bonded initial configurations in which Re 2 was placed in the center of the SWNT (inside) or far from the SWNT wall (outside) were also used. 
